Biologists have been attracted by the bright external color patterns of crinoids, leading to the isolation and structural elucidation of many kinds of pigments from crinoids. The color is mainly caused by quinones and carotenoids. Various reports on the quinone pigments of crinoids have been published. 1) At present, the following four groups of polyketidederived pigments, linear and angular naphthopyrones, [2] [3] [4] 4-acylanthraquinones, [5] [6] [7] 3-alkylanthraquinones, 6, 8) and diametric bianthrones (bianthraquinones and phenanthroperylenequinones) 9, 10) are known to occur in crinoids. Some of the quinone pigments in crinoid are present in sulfate form. 1, 7) This prompted us to search for water-soluble quinone pigments in crinoids. This paper reports the isolation and structural elucidation of new quinone sulfates from Tropiometra afra macrodiscus and Oxycomanthus japonicus by chemical and spectroscopic analysis. Furthermore, antifeedant activity of anthraquinone sulfate on fish is reported.
Structure of a New Anthraquinone Sulfate from T. afra macrodiscus The acetone extract of T. afra macrodiscus was partitioned with Et 2 O-n-hexane (1 : 1) and water to remove fat and carotenoids from the aqueous acetone solution. The purple-red colored aqueous layer was extracted with EtOAc to remove free anthraquinones. The aqueous layer was evaporated, and the dark purple residue was subjected successively to column chromatography on ODS and preparative HPLC on ODS to yield a water-soluble yellow pigment 1.
Compound 1 showed UV-vis absorption maxima at 225, 262, and 435 nm, indicating a hydroxyanthraquinone chromophore and IR absorption maxima at 1620 and 1481 cm Ϫ1 , which are characteristic absorption bands of anthraquinone. Ϫ were compatible with the presence of a sodium sulfate group. Furthermore, the presence of sulfur and sodium atoms in 1 was confirmed by inductively coupled plasma (ICP) spectra. Acid hydrolysis of 1 gave ptilometric acid (2) . Therefore, 1 was determined to be a sodium sulfate of ptilometric acid (2) .
The position of the sulfate group in 1 was determined by using sulfation shifts in 1 H-NMR 7) and 13 C-NMR. 11) Because no 1 H-or 13 C-NMR data were available for ptilometric acid (2), we carried out complete 1 H-and 13 C-NMR assignments of 2 in DMSO-d 6 solution using two dimensional (2D)-NMR experiments. Double quantum filtered correlation spectroscopy (DQF-COSY) and nuclear Overhauser spectroscopy (NOESY) experiments revealed the assignment of aromatic protons at H-4, H-5, H-7, protons of the propyl chain (H-1Ј, H-2Ј, and H-3Ј), and a hydrogen bonded phenolic proton at 8-OH. The assignment of all proton-attached carbons was made from a 13 C-1 H COSY spectrum. 13 C signals of quaternary carbons at C-2, C-3, C-6, C-8, C-10, C-11, C-12, and C-14 were unambiguously assigned by correlation of proton signals in a 13 were assigned to C-13, C-1, 2-COOH, and C-9, respectively, by comparison with polyhydroxyanthraquinones.
12) The assignment of 1 H-and 13 C-NMR data for 1 was carried out in the same manner described above. All proton-attached carbons were assigned by 13 C-1 H COSY. Quaternary carbons at C-6, C-8, C-10, C-11, and C-14 were also assigned by 13 were assigned to C-2, C-12, C-13, C-3, C-1, 2-COOH, and C-9, respectively, by comparison with polyhydroxyanthraquinones 12) and ptilometric acid (2). The total 1 H-and 13 C-NMR assignments for 1 and 2 are compiled in Table 1 .
It is known that, in the 13 C-NMR spectra of phenol compounds, the introduction of O-sulfate, an electron withdrawing group, results in an increased electron density of the carbon carrying the sulfate group and a decreased electron density of the carbons ortho and para, thus resulting in an upfield shift for the former carbons and a downfield shift for the latter carbons.
11) Sulfate 1 showed an upfield shift of 6.6 ppm at C-6, and downfield shifts of 4.9 ppm at C-7 and 0.8 ppm at C-5 compared with 2. These results indicated that the hydroxy group at C-6 in 1 was present as the sulfate ester. Furthermore, about 0.4 ppm downfield shifts of H-5 and H-7 in 1 relative to 2 agreed with the 6-O-sulfate structure. 7) Therefore, a new anthraquinone sulfate 1, isolated from T. afra macrodiscus, was determined to be a sodium salt of ptilometric acid 6-O-sulfate ( Quinone pigments in the crinoids were investigated. New quinone sulfates 1 and 3 were isolated from Tropiometra afra macrodiscus and Oxycomanthus japonicus, respectively. The structures 1 and 3 were determined to be 1,6, 8 
2-carboxylic acid 6-O-sulfate).
Structure of a New Naphthoquinone Sulfate from O. japonicus In the same manner as described above, a watersoluble reddish pigment 3 was isolated from the acetone extract of O. japonicus. 14) The position of the sulfate group in 3 was determined from sulfation shifts in the 1 H-NMR. 7) The protons at H-5 and H-7 in 3 were shifted downfield by 0.26 and 0.37 ppm, respectively, relative to those of 4. These data indicated that the hydroxy group at C-6 was present as the sulfate ester. Therefore, the structure of 3 was determined to be a sodium salt of 2-butanoyl-3,6,8-trihydroxy-1,4-naphthoquinone 6-O-sulfate.
Furthermore, the sodium sulfate of 1,3,6,8-tetrahydroxyanthraquinone (5) was also obtained. A negative ion FAB-MS gave a quasi-molecular ion at m/z 373, compatible with the structure of a sodium sulfate of 5. However, the position of the sulfate group could not be determined because of the small sample size.
In addition to these quinone sulfates, the following five known quinones, 1,3,6,8-tetrahydroxyanthraquinone (5), 2-acetylemodin (6), flaviolin (7), rhodolamprometrin (8), and ptilometric acid (2), were isolated from O. japonicus. Antifeedant Activity of Ptilometric Acid (2) and Its Sulfate (1) in Fish It has been reported that quinone pigments, especially the sulfate forms, provide a chemical mechanism against predatory fish for some species of crinoids. 9) In this study, ptilometric acid 6-O-sulfate (1) showed concentrationdependent antifeedant activity in fish, but ptilometric acid (2) was ineffective (Table 3) . Antifeedant activities of 2-butanoyl-3,6,8-trihydroxy-1,4-naphtoquinone (4) and its sulfate (3) could not be measured because of the small sample size.
Experimental
General The UV-vis spectra were recorded in aqueous MeOH or EtOH solution on a Shimadzu UV-240 spectrophotometer. The IR spectra were obtained by a Perkin Elmer FT-IR 1600 as KBr pellets. The EI-and FAB-MS spectra were recorded using a JMS-DX 300 mass spectrometer. FAB-MS were obtained using glycerin as a matrix. The 13 C-and 1 H-NMR spectra were measured with a Bruker ARX-500 spectrometer or Varian XL-300 spectrometer. The ICP spectra were recorded with a ICPS-8000 (Shimadzu) in water at a concentration of 300 mg/ml. HPLC was performed on a Shimadzu LC-6AD instrument with a Shimadzu SPD-6AV spectrophotometer set at 440 nm. The column used was a Shim-Pack PREP-ODS (20 mmϫ250 mm ID, particle size 5 mm, Shimadzu) using 20% MeOH as the mobile phase.
Animal Material Specimens of T. afra macrodiscus and O. japonicus were collected from the sea at Goza in Mie Prefecture in July 1992 and in June 1993, respectively. Voucher specimens have been deposited at Kyoto Pharmaceutical University.
Extraction and Isolation of Quinone Pigments from T. afra macrodiscus Seventeen fresh specimens of T. afra macrodiscus (800 g) were immediately immersed in acetone to yield a deep red solution, which was then partitioned between n-hexane-Et 2 O (1 : 1) and water to remove fat and carotenoids from the acetone solution. The purple-red water layer was extracted with ethyl acetate to remove free anthraquinones. The aqueous layer was concentrated by a rotary evaporator. The obtained dark purple residue was subjected to column chromatography on ODS (Fuji Silysia Chemical, Ltd., DM-1020T, 100-200 mesh). The purple-red fraction eluted with 20% MeOH was further purified by preparative HPLC on ODS with 20% MeOH, and was crystallized from EtOH-EtOAc-water to afford compound 1 (25 mg).
On the other hand, the EtOAc extract was subjected to preparative TLC on silica gel G (Kieselgel 60, Merck) with benzene-EtOAc-AcOH (60 : 40 : 1). A yellow band (Rf 0.30) was extracted with 2% AcOH in EtOAc and was further chromatographed on Sephadex LH-20 (Pharmacia Fine Chemicals) with MeOH. Crystallization from aqueous AcOH afforded ptilometric acid (2) (2 mg).
Ptilometric Acid 6-O-Sulfate (1) Ptilometric Acid (2) Acid Hydrolysis of 1 Compound 1 (3 mg) was dissolved in 20 ml 1 N HCl and stored at 37°C for 4 h. Then, the pigment was extracted with EtOAc and was purified by preparative TLC on silica gel G with benzeneEtOAc-AcOH (60 : 40 : 1) to give ptilometric acid (1.5 mg). The identification of ptilometric acid was based on UV-vis, IR, EI-MS, HR-EI-MS, 1 H-, and 13 C-NMR data. Extraction and Isolation of Quinone Pigments from O. japonicus Nineteen fresh specimens of O. japonicus (1100 g) were immediately immersed in acetone to yield a deep red solution which was then partitioned between n-hexane-Et 2 O (1 : 1) and water to remove fat and carotenoid from the acetone solution. The water layer was extracted with EtOAc to remove free quinines. The aqueous layer was concentrated by a rotary evaporator. The dark red residue was subjected to column chromatography on ODS. The yellow fraction eluted with 20% MeOH was further purified by preparative HPLC on ODS with 25% MeOH to afford a sulfate of 5 (0.7 mg), and the red fraction eluted with 20% MeOH was further purified by preparative HPLC on ODS with 25% MeOH to afford a new compound 3 (2.5 mg). The EtOAc solution was also concentrated by a rotary evaporator. The dark red residue (1.8 g) was subjected to column chromatography on silica gel (Merck, 70-230 mesh) with mixed solvents of benzene-EtOAc-AcOH as eluents. The yellow fraction eluted with benzene-EtOAc-AcOH (95 : 5 : 1) was further purified by HPLC on ODS with 80% MeOH to afford 2-acetylemodin (6, 0.6 mg). The yellow fraction eluted with benzene-EtOAc-AcOH (90 : 10 : 1) was further purified with the same HPLC system to afford 1,3,6,8-tetrahydroanthraquinone (5, 0.7 mg) and flaviolin (7, 1.0 mg). The orange fraction eluted with benzene-EtOAc-AcOH (80 : 20 : 1) was further purified with the same HPLC system to afford rhodolamprometrin (8, 1.1 mg). The orange fraction eluted with benzene-EtOAc-AcOH (60 : 40 : 1) was further purified with the same HPLC system to afford ptilometric acid (2, 4 mg). Identification of these five known quinones, 2-acetylemodin (6), 15) 1,3,6,8-tetrahydroxyanthraquinone (5), 16) flaviolin (7), 14) rhodolamprometrin (8), 16) and ptilometric acid (2) were made by UV-vis, IR, EI-MS, and 1 H-NMR data and by comparison with authentic samples [14] [15] [16] (1) 1.0% ϩ ϩ ϩ ϩ, Substantial preference for control diet; Ϫ, no statistically significant preference for either diet; Ϯ, marginal preference for control diet.
